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in this certificate and any accompanying documents has re-registered under the Com[?aitifefs^Ayt 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 
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In accordance with the rules, the words "public limited company" may be replaced by p. I.e., 
pic, P.L.C. or PLC. 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 
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MEDICAL USE 




(eiigabihe, 2-amino-4-(4-fluoroben2ylamino)-1 -ethoxycarbonylamin(:|§Jjzp^^^ i ,^ 
is a known anti-convulsant compound described for example in US5,384,330. * '-""^^^^ 
The mechanism of action of retigabine is not l<nown, but there are reports of 



letigaDine nas also, been rQP9rte< 
eurpnes.and act at Dipendic^acid A 

::ip ffei been found that retigabine ist ■l<bNM'^lJ*iiOAI^fV j^^f^p^ 



15 



20 



25 



A recepfoTS. 

"^'^s'sitim cnanj 

and retigabine's anti-convulsant activity is due to its activity at these cH'ah'n'eli.j 



it; 



KCNQ2 and KCNQ3 together form a heterotetrameric nervous systenn-specific 
potassium channel described for example in WO99/07832. WO99/07832 
suggests utilities for modifiers of KCNQ2/3 channels including 
neurotransmission, ataxia, myokymia, seizures (eg epileptic seizures), 
Alzheimer's disease. Parkinson's disease, age-associated memory loss, 
learning deficiencies, motor neuron diseases and stroke. However, there is no 
teaching as to whether KCNQ2/3 openers or closers would be of use in the 
above diseases and no in vitro or in vivo support for these suggestions. 
WO99/07832 does not disclose any compounds active at KCNQ2/3 receptors. 
Linopirdine is a known compound which is a selective KCNQ2/3 blocker with 
cognition enhancing activity. 



30 



It has now been found that KCNQ2/3 potassium channel openers are useful as, 
amongst others, analgesics, fever reducers, muscle relaxants, anti-anxiolytics 
and are of use in migraine, bipolar disorder and unipolar depression. 

The invention accordingly provides, in a first aspect, the novel use of 
retigabine as a KCNQ2/3 potassium channel opener. 
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There is also provided as a further aspect of the invention the use of 
retigabine in the preparation of a nnedicament for use in the treatment of 
conditions ameliorated by KCNQ2/3 potassium channel opening. 

In an alternative or further aspect there is provided a method for the treatment 
of a mammal, including man, suffering from or susceptible to conditions 
ameliorated by KCNQ2/3 potassium channel opening, comprising 
administration of an effective amount of retigabine. 

In a further aspect there is provided the use of retigabine in the preparation of 
a medicament for use in neurotransmission; CNS disorders; functional bowel 
disorders; neurodegenerative diseases; neuroprotection; tinnitus; preventing 
or reducing dependence on, or preventing or reducing tolerance or reverse 
tolerance to, a dependence - inducing agent; cancerous diseases; 
inflammatory processes; ophthalmic diseases; cognitive disorders; migraine; 
and especially as a centrally acting analgesic. 

In a yet further aspect the invention provides a method for the treatment of 
neurotransmission disorders; CNS disorders; functional bowel disorders; 
neurodegenerative diseases; tinnitus; preventing or reducing dependence on, 
or preventing or reducing tolerance or reverse tolerance to, a dependence - 
inducing agent; cancerous diseases; inflammatory processes; ophthalmic 
diseases; cognitive disorders; migraine; and for producing a neuroprotectiing 
or more especially a centrally acting analgesic effect; in a mammal, including 
man, comprising administration of an effective amount of retigabine. 

In a further aspect the invention provides the use of a KCNQ2/3 potassium 
channel opener in the preparation of a medicament for use as a muscle 
relaxant; fever reducer; anti-anxiolytic and for use in migraine; bipolar disorder; 
unipolar depression; functional bowel disorders; tinnitus; preventing or 
reducing dependence on, or preventing or reducing tolerance or reverse 
tolerance to, a dependence - inducing agent; cancerous diseases; 
inflammatory processes; ophthalmic diseases; and especially for use as an 
analgesic. 
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In a further aspect the invention provides a nnethod of producing a muscle 
relaxant; fever reducing; or anti-anxiolytic effect and for treating migraine; 
bipolar disorder; unipolar depression; functional bowel disorders; tinnitus; 
preventing or reducing dependence on, or preventing or reducing tolerance or 
reverse tolerance to, a dependence - inducing agent; cancerous diseases; 
inflammatory processes; ophthalmic diseases; and especially of producing an 
analgesic effect; in a mammal, including man, comprising administration of an 
effective amount of a KCNQ2/3 potassium channel opener. 

In a further aspect the invention provides the use of a KCNQ2/3 potassium 
channel opener in the preparation of a medicament for use as an anti- 
epileptic. 

According to the instant invention KCNQ2/3 potassium channel openers 
including retigabine are useful as anticonvulsants. They are therefore useful 
in treating epilepsy. They may be used to improve the condition of a host, 
typically a human being, suffering from epilepsy. They may be employed to' 
alleviate the symptoms of epilepsy in a host. "Epilepsy" is intended to include 
the following seizures:- simple partial seizures, complex partial seizures, 
secondary generalised seizures, generalised seizures including absence 
seizures, myoclonic seizures, clonic seizures, tonic seizures, tonic clonic 
seizures and atonic seizures. 

KCNQ2/3 potassium channel openers including retigabine are additionally 
useful in the treatment of CNS disorders such as bipolar disorder, alternatively 
known as manic depression. Type I or II bipolar disorder may be treated. The 
compounds may thus be used to improve the condition of a human patient 
suffering from bipolar disorder. They may be used to alleviate the symptoms 
of bipolar disorder in a host. The compounds may also be used in the 
treatment of unipolar depression, ataxia, myokimia and anxiety. 

KCNQ2/3 potassium channel openers including retigabine are also useful as 
analgesics. They are therefore useful in treating or preventing pain. They 
may be used to improve the condition of a host, typically a human being, 
suffering from pain. They may be employed to alleviate pain in a host. Thus, 
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the compounds may be used as a pre-emptive analgesic to treat acute pain 
such as musculoskeletal pain, post operative pain and surgical pain, chronic 
pain such as chronic inflammatory pain (e.g. rheumatoid arthritis and 
osteoarthritis), neuropathic pain (e.g. post herpetic neuralgia, trigeminal 
5 neuralgia and sympathetically maintained pain) and pain associated with 

cancer and fibromyalgia. The compounds may also be used in the treatment 
or prevention of pain associated with migraine. The compounds may also be 
used in the treatment of the pain (both chronic and acute), fever and 
inflammation of conditions such as rheumatic fever; symptoms associated 
10 with influenza or other viral infections, such as the common cold; lower back 

and neck pain; headache; toothache; sprains and strains; myositis; neuralgia; 
synovitis; arthritis, including rheumatoid arthritis; degenerative joint diseases, 
including osteoarthritis; gout and ankylosing spondylitis; tendinitis; bursitis; 
skin related conditions, such as psoriasis, eczema, burns and dermatitis; 
Mimiii 'h p1p^tii<i-. -h .'HiH/'^s, such as sports injuries and those arising from surgical and dental 

KCNQ2/3 potassium channel openers including retigabine are further useful in 
the treatment of functional bowel disorders which include non-ulcer dyspepsia, 

20 non-cardiac chest pain and in particular irritable bowel syndrome. Irritable 

bowel syndrome is a gastrointestinal disorder characterised by the presence 
of abdominal pain and altered bowel habits without any evidence of organic 
disease. The compounds may thus be used to alleviate pain associated with 
irritable bowel syndrome. The condition of a human patient suffering from 

25 irritable bowel syndrome may thus be improved. 

KCNQ2/3 potassium channel openers including retigabine are also useful in 
the treatment of neurodegenerative diseases, such as Alzheimer's disease, 
ALS, motor neuron disease, Parkinson's disease, macular degeneration and 
30 glaucoma. The compounds may also be useful in neuroprotection and in the 

treatment of neurodegeneration following stroke, cardiac arrest, pulmonary 
bypass, traumatic brain injury, spinal cord injury or the like. 

KCNQ2/3 potassium channel openers including retigabine are further useful in 
35 the treatment of tinnitus. 
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KCNQ2/3 potassium channel openers including retigabine are additionally 
useful in the treatment of migraine. 

5 Still further, KCNQ2/3 potassium channel openers including retigabine are 

also useful in preventing or reducing dependence on, or preventing or 
reducing tolerance or reverse tolerance to, a dependence - inducing agent. 
Examples of dependence inducing agents include opioids (eg morphine), CNS 
depressants (eg ethanol), psychostimulants (eg cocaine) and nicotine. 

10 KCNQ2/3 potassium channel openers including retigabine may inhibit cellular 

and neoplastic transformation and metastatic tumour gro\A^h and hence be 




conditions such as inflammatory bowel disease, Chron's disease, gastritis, 
irritable bowel syndrome and ulcerative colitis; and the inflammation in such 
diseases as vascular disease, migraine, periarteritis nodosa, thyroiditis, 
aplastic anemia, Hodgkin's disease, sclerodoma, type I diabetes, myasthenia 
20 gravis, multiple sclerosis, sorcoidosis, nephrotic syndrome, Bechet's 

syndrome, polymyositis, gingivitis, conjunctivitis and myocardial ischemia. 

KCNQ2/3 potassium channel openers including retigabine may also be useful 
in the treatment of ophthalmic diseases such as retinitis, retinopathies, uveitis 
and of acute injury to the eye tissue. 

25 KCNQ2/3 potassium channel openers including retigabine may also be useful 

for the treatment of cognitive disorders such as dementia, particularly 
degenerative dementia (including senile dementia, Alzheimer's disease, Field's 
disease, Huntington's chorea. Parkinson's disease and Creutzfeldt-Jakob 
disease), and vascular dementia (including multi-infarct dementia), as well as 

30 dementia associated with intracranial space occupying lesions, trauma, 

infections and related conditions (including HIV infection), metabolism, toxins. 
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anoxia and vitamin deficiency; and mild cognitive impairment associated with 
ageing, particularly Age Associated Memory Loss; and learning deficiencies. 

It will be appreciated that reference to treatment is intended to include 
prophylaxis as well as the alleviation of established symptoms. 

The KCNQ2/3 potassium channel opening activity of retigabine has been 
illustrated by the following method. 

Expression of KCNQ2 & KCNQ3 in Xenopus oocytes: Modulation by 
Retigabine. 

Human KCNQ2 and KCNQ3 potassium channels were cloned from a human 
brain CDNA library using standard methodology. All clones were sequenced 
and were identical to those reported in the literature (Charlier, C, Singh, N.A., 
Ryan, S.G., Lewis, T.B., Reus, B. E., Leach, RJ. Leppert, M. (1998). A pore 
mutation in a novel KQT-like potassium channel gene in an idiopathic epilepsy 
family. Nature Genetics 18: 53-55 and Singh, N.A., Charlier, C, Stauffer, D., 
DuPont, B.R., Leach, R.J.. Melis. R., Ronen, G.M., Bjerre, I., Quattlebaum, T., 
Murphy, J.V.. McHarg, M.L., Gagnon, D., Resales. T.O.. Peiffer, A., Anderson, 
E & Leppert. M. (1998; Nature Genetics, 18: 25-29). 

Adult female Xenopus laevis (Blades Biologicals) were anaesthetised using 

0. 2% tricaine (3-aminobenzoic acid ethyl ester), killed and the ovaries rapidly 
removed. Oocytes were de-folliculated by collagenase digestion (Sigma type 

1, 1.5 mg m|-') in divalent cation-free OR2 solution (82.5mM NaCI, 2.5mM KCI, 
1.2mM NaH^PO^, 5mM HEPES; pH 7.5 at 25°C). Single stage V and VI 
oocytes were transferred to ND96 solution (96mM NaCI, 2mM KCI, ImM 
MgCl2, 1.8mM CaCl2, 5mM HEPES; pH 7.5 at 25°C) which contained SOjiig 
mr^ gentamycin and stored at 18°C. 

KCNQ2 (in pCIN3 vector) and KCNQ3 (in pCIH6) were linearised and 
transcribed to RNA using T7 or T3 polymerase (Promega Wizard kit). 
m'G(5')pp(5')GTP capped cRNA was injected into oocytes (20-50nl of 1|ag|ar' 
RNA per oocyte) and whole-cell currents were recorded using two- 
microelectrode voltage-clamp (Geneclamp amplifier, Axon instruments Inc.) 3 
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to 5 days post-RNA injection. Microelectrodes had a resistance of 0.5 to 2MQ 
when filled with 3M KCI. In all experiments oocytes were voltage-clamped at a 
holding potential of-90mV in ND96 solution (superfused at 2ml per min.) and 
test compounds were applied by addition to this extracellular solution. 
5 Current-voltage curves were constructed by applying 800ms voltage-clamp 

pulses from the holding potential of-90mV to test potentials between -85mV 
and +30mV. 

Whole-cell currents were recorded from oocytes expressing KCNQ2 alone, 
10 KCNQ3 alone and an equimolar combination of KCNQ2 plus KCNQ3. Mean 

current amplitude (at +20mV) was 152 +/- 21 nA for KCNQ2 alone, 157 +/- 
19nA for KCNQ3 alone and 1467 +/- 420nA for KCNQ2 & KCNQ3. Further 
characterisation of the KCNQ2/KCNQ3 heteromeric channel (current-voltage 
cun/e, conductance plot, linopirdine block) gave similar results to those 
15 reported in the literature (Yang, W.-P., Levesque. P.C.. Little, W.A.. Conder, 

M.L., Ramakrishnan, P., Neubauer, M.G. & Blanar, M.A, (1998) Functional 
expression of two KvLQTI -related potassium channels responsible for an 
inherited idiopathic epilepsy. J. Biol. Chem., 31: 19419-19423 and Wang, H.- 
S., Pan, Z., Shi, W., Brown, B.S.,. Wymore, R.S., Cohen. I.S., Dixon, J.E. & 
20 Mc^t<:ip;i|;| n, D (1998) KCNQ2 and KCNQ3 potassium channel subunits: 

^,.,:) i; , molecSn correlates of the M-channel. Science 282: 1890-1893). 

The effects of retigabine were studied in oocytes expressing equimolar KCNQ 
2 plus KCNQ3. Application of lO^M retigabine led to a pronounced 20mV 

25 hyperpolarising shift in the threshold for KCNQ current activation (n=5), such 

that an augmentation of KCNQ current was seen over the normal 
physiological range of membrane potentials. For example, at a test potential 
of -60mV, outward KCNQ current amplitude increased 8-foId in the presence 
of retigabine (6.2-fold at -70mV; 7.1 -fold at -50mV; n=5). These changes in 

30 KCNQ current amplitude were associated with an increase in the rate of 

current activation: Retigabine Increased the rate of current activation 15-fold 
at a test potential of -40mV, and 3-foId at a test potential of -30mV (data 
fitted to a single exponential in each case). 
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Further experiments were carried out in oocytes held under current clamp. In 
these experiments the retigabine-induced shift in KCNQ activation curve led to 
a hyperpolarisation of the cell. The half maximal inhibitory concentration for 
this hyperpolarisation was 5.2/iM (95% confidence limits 3.9-7.0nM) and the 
5 Hill slope was 1.1 ± 0.1. 

In conclusion, we have shown that retigabine opens KCNQ2/3 potassium 
||4'i^||i|M^a j if^^""®'®' apparently through an increase in the kinetics of channel activation. 
h;f*-s;|ii^''^i''<*.' Sife KCNQ2 and KCNQ3 are widelv and nrnmin«ntlv ovnr^ee^H +hr 




In addition to the anti-convulsant properties of retigabine where the drug 
protected against pentylene tetrazol-induced seizures in rats with an ED50 of 

15 6.2 mg/kg (Loscher, W., Honack, D., Fassbender, CP., & Molting, B. (1991). 

The role of technical, biological and pharmacological factors in the laboratory 
evaluation of anticonvulsant drugs. III. Pentylenetetrazole seizure models. 
Epilepsy Res. 8: 171-189), retigabine was also active in the carageenan 
model of inflammatory pain with an ED50 of 4.5 mg/kg (Clayton, N.M., 

20 Oaklety, I., Thompson, S., Wheeldon, A. Sargent. B. & Bountra, C. (1997). 

Validation of the dual weight averager as an instrument for the measurement 
of clinically relevant pain. Br. J. Pharmacol. 120: P78). Based on this result it 
is extremely likely that an opener of KCNQ2/3 will be active in pain. 

25 Retigabine and pharmaceutically acceptable salts and solvates thereof may 

be prepared and formulated according to the methods described In 
US5,384,330. 

For example retigabine and other KCNQ2/3 potassium channel openers may 
30 be formulated for oral, buccal, parenteral, depot or rectal administration or in a 

form suitable for administration by inhalation or insufflation (either through the 
mouth or nose). Oral and parenteral formulations are preferred. 

For oral administration, the pharmaceutical compositions may take the form 
35 of, for example, tablets or capsules prepared by conventional means with 
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pharmaceutically acceptable additives such as suspending agents (e.g. 
sorbitol syrup, cellulose derivatives or hydrogenated edible fats); emulsifying 
agents (e.g. lecithin or acacia); non-aqueous vehicles (e.g. almond oil. oily 
esters, ethyl alcohol or fractionated vegetable oils); and preservatives (e.g. 
15 . methyl or propyl-p-hydroxybenzoates or sorbic acid). The preparations may 

also contain buffer salts, flavouring, colouring and sweetening agents, as _--:i_-.ti=^. _t :: 
appropriate. 



Preparations for oral administration may be suitably formulated to give 
20 controlled release of the active compound. 

For buccal administration the composition may take the form of tablets or 
lozenges formulated in conventional manner. 

25 KCNQ2/3 potassium channel openers may be formulated for parenteral 

administration by bolus injection or continuous infusion. Formulations for 
injection may be presented in unit dosage form e.g. in ampoules or in multi- 
dose containers, with an added preservative. The compositions may take 
such forms as suspensions, solutions or emulsions in oily or aqueous 

30 vehicles, and may contain formulatory agents such as suspending, stabilising 

and/or dispersing agents. Alternatively, the active ingredient may be in powder 
form for constitution with a suitable vehicle, e.g. sterile pyrogen-free water, 
before use. 
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KCNQ2/3 potassium channel openers may also be formulated in rectal 
compositions such as suppositories or retention enemas, e.g. containing 
conventional suppository bases such as cocoa butter or other glycerides. 

KCNQ2/3 potassium channel openers may also be formulated as depot 
preparations. Such long acting formulations may be administered by 
implantation (for example subcutaneously or intramuscularly) or by 
intramuscular injection. Thus, for example, the compounds of the invention 
may be formulated with suitable polymeric or hydrophobic materials (for 
example as an emulsion in an acceptable oil) or ion exchange resins, or as 
sparingly soluble derivatives, for example, as a sparingly soluble salt. 

For intranasal administration, KCNQ2/3 potassium channel openers may be 
formulated as solutions for administration via a suitable metered or unit dose 
device or alternatively as a powder mix with a suitable carrier for 
administration using a suitable delivery device. 

Suitable dose ranges are described in the art, that is to say that for use in 
conditions according to the present invention the compounds may be used at 
doses appropriate for other conditions for which KCNQ2/3 compounds, 
including retigabine. are known to be useful. It will be appreciated that it may 
be necessary to make routine variations to the dosage, depending on the age 
and condition of the patient, and the precise dosage will be ultimately at the 
discretion of the attendant physician or veterinarian. The dosage will also 
depend on the route of administration and the particular compound selected. 
A suitable dose range is for example 0.1 mg/kg to about 200 mg/kg. e.g. 
0,1 mg/kg to 10 mg/kg, bodyweight per day. 

The KCNQ2/3 potassium channel openers useful in the instant invention may. 
if desired, be administered in combination with one or more other therapeutic 
agents and formulated for administration by any convenient route in a 
conventional manner. Appropriate doses will be readily appreciated by those 
skilled in the art. 
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The application of which this description and clainns forms part may be used 
as a basis for priority in respect of any subsequent application. The claims of 
such subsequent application may be directed to any feature or combination of 
features described herein. The claims may take the form of product, 
composition, process or use claims and may include, by way of example, one 
or more of the following claims. 
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Claims 

1. The use of retigabine in the preparation of a medicament for use in 
the treatment of conditions ameliorated by KCNQ2/3 potassium channel 
opening. 

2. A method for the treatment of a mammal, including man. suffering 
from or susceptible to conditions ameliorated by KCNQ2/3 potassium channel 
opening, comprising administration of an effective amount of retigabine. 

3. The use of retigabine in the preparation of a medicament for use in 
neurotransmission; CNS disorders; functional bowel disorders; 
neurodegenerative diseases; neuroprotection; tinnitus; preventing or reducing 
dependence on, or preventing or reducing tolerance or reverse tolerance to, a 
dependence - inducing agent; cancerous diseases; inflammatory processes; 
ophthalmic diseases; cognitive disorders; migraine; and especially as a 
centrally acting analgesic. 

4. A method for the treatment of neurotransmission disorders; CNS 
disorders; functional bowel disorders; neurodegenerative diseases; tinnitus; 
preventing or reducing dependence on, or preventing or reducing tolerance or 
reverse tolerance to, a dependence - inducing agent; cancerous diseases; 
inflammatory processes; ophthalmic diseases; cognitive disorders; migraine; 
and for producing a neuroprotectiing or more especially a centrally acting 
analgesic effect; in a mammal, including man, comprising administration of an 
effective amount of retigabine. 

5. The use of a KCNQ2/3 potassium channel opener in the preparation of 
a medicament for use as a muscle relaxant; fever reducer; anti-anxiolytic and 
for use in migraine; bipolar disorder; unipolar depression; functional bowel 
disorders; tinnitus; preventing or reducing dependence on. or preventing or 
reducing tolerance or reverse tolerance to, a dependence - inducing agent; 
cancerous diseases; inflammatory processes; ophthalmic diseases; and 
especially for use as an analgesic. 
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6. A method of producing a muscle relaxant; fever reducing; or anti- 
anxiolytic effect and for treating migraine; bipolar disorder; unipolar depression; 
functional bowel disorders; tinnitus; preventing or reducing dependence on, or 
preventing or reducing tolerance or reverse tolerance to, a dependence - 
5 inducing agent; cancerous diseases; inflammatory processes; ophthalmic 

diseases; and especially of producing an analgesic effect; in a mammal, 
including man, comprising administration of an effective amount of a 
KCNQ2/3 potassium channel opener. 

10 7. The use of a KCNQ2/3 potassium channel opener in the preparation 

of a medicament for use as an anti-epileptic. 
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Abstract 

The present invention relates to novel 
potassium channel openers. 



uses for retigabine and KCNQ2/3 



